Calotropis procera is a medicinal plant whose pharmacological properties are associated with its latex. Here, the Calotropis procera latex fractions were investigated in an attempt to trace its phytochemical profile and measure its anti-inflammatory and toxicity activity. The crude latex was partitioned, yielding five fractions (49.4% hexane, 5.2% dichloromethane, 2.0% ethyl acetate, 2.1% n-butanol, and 41.1% aqueous). Phytochemical screening and spectroscopy analysis revealed that dichloromethane is the most chemically diverse fraction. Triterpenes were detected in both the hexane and dichloromethane fractions, while flavonoids were detected in the dichloromethane and ethyl acetate fractions. These fractions were cytotoxic to cancer cell lines (LD 50 0.05 to 3.9 g/mL) and lethal to brine shrimp (LD 50 10.9 to 65.7 g/mL). Reduced neutrophil migration in rats was observed in carrageenaninduced peritonitis for the dichloromethane (67%), ethyl acetate (56%), and aqueous (72%) fractions. A positive reaction with tolidine and ninhydrin suggested that cyclopeptides are in the ethyl acetate fraction. It is therefore concluded that Calotropis procera latex dichloromethane and ethyl acetate fractions exhibit both in vitro and in vivo activities as well as anti-inflammatory properties. Cyclopeptide detection is especially interesting because previous attempts to investigate these low-molecular cyclic amino acid sequences in C. procera have failed.
Introduction
Calotropis procera is a medicinal plant and many pharmacological properties are associated with its latex, which is a rich source of biologically active compounds [1] . The efficacy of C. procera latex for treating inflammation-related disorders, pain, and other ailments, including neoplasia, in folk medicine has garnered scientific support [2] [3] [4] . However, the chemical composition of this latex remains under investigation.
Latex is produced by plants in unrelated taxonomic groups, but it is most commonly found in Euphorbiaceae and Apocynaceae plants. C. procera is included in the later taxon. Latex is chemically diverse and the chemical and biochemical differences are considerable for different plants fluids. For instance, Hevea brasiliensis latex is a rich source of (poly) isoprenes and an antifungal protein (hevein) is a "fingerprint" of this latex [5, 6] . Cardenolides in the C. procera latex are associated with toxic effects in mammals [7] . In addition, insecticidal and antifungal proteins have been 2
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A series of studies support latex proteins involvement in the pharmacological properties. Although secondary metabolites have been reported in C. procera vegetative tissues and latex, to a lesser extent [10] , limited information is available on the pharmacological properties. Fractionated latex has not been extensively investigated for phytochemical or pharmacological properties. However, the literature has demonstrated its outstanding potential for studies [1, 11] . Therefore, this study was aimed at contributing to new insights on the phytochemical profile (cyclopeptides) and biological activities of the C. procera latex organic fractions.
Materials and Methods

Reagents.
Organic solvents (hexane, dichloromethane, ethyl acetate, and n-butanol) were of analytical grade. Carrageenan, Doxorubicin, glycine, potassium dichromate, and papain (E.C. 3.4.22.2) were from SIGMA Chemical Co. (São Paulo, Brazil). Tolidine and ninhydrin were from VETEC fine chemicals (Rio de Janeiro, Brazil). Trimethylsilane (TMS), deuterated chloroform, and methanol were from Tedia Brazil (Rio de Janeiro, Brazil).
Plant Material.
The latex was collected from the aerial portions of wild plants located at Fortaleza beaches, Ceara, Brazil. A voucher specimen (n. 32663) was deposited at the Prisco Bezerra Herbarium at the local University (Universidade Federal do Ceará).
Extraction Method.
To 200 mL of crude latex, 400 mL of distilled water was added, and the mixture was extracted successively with 600 mL of each of the following solvents: hexane, dichloromethane, ethyl acetate, and n-butanol. The extraction was repeated three times for each solvent and the resulting fractions were pooled. Each fraction was removed from the remaining mixture under reduced pressure at 40 ∘ C using an evaporator until obtaining dried fractions.
Qualitative Phytochemical Screening.
Phytochemical tests were used to detect secondary metabolites, such as phenols, tannins, flavonoids, steroids, triterpens, saponins, and alkaloids, for each fraction in accordance with the method proposed by Matos [12] . Latex samples (25 mg/mL) were prepared in 95% ethanol and treated in an ultrasonic apparatus (30 min) prior to the measurements. The results were analyzed based on a visual observation of color modification or precipitate formation after adding specific reagents.
Tannins and phenols were investigated by adding 60 L of 2% FeCl 3 in ethanol to 3 mL of the latex sample. A blue-red soluble phase indicated phenols, a blue precipitated material indicated soluble tannins and a green color indicated condensed or cachectic tannins.
Three independent samples (3 mL) were prepared in tubes to test for flavonoids. Anthocyanins and antocyanidines were indicated by a red color after adding 0.1 M HCl to pH 3.0 or by a purple color by adding 0.1 M NaOH to pH 8.5 or blue-purple to pH 11.0. Flavones, flavonols, and xanthones were indicated by a yellow color at pH 11.0, while flavanonols were indicated by orange-red. Chalcones and aurones were indicated by a red color at pH 3.0 and red-purple at pH 11.0, respectively.
Sterols and triterpens were investigated by dissolving 250 mg of each sample into 5 mL of chloroform. The samples were filtered and the insoluble material was used to identify saponins. Acetic anhydride (1 mL) and 60 L sulfuric acid (Liebermann-Burchard solution) were added to the soluble phase. A green color indicated free sterols, while a brownred color indicated triterpens. To investigate saponins, 5 mL of distilled water was added to the precipitate and agitated for 3 min. Saponins were indicated by a persistent foam ring.
Alkaloids were indicated as follows: ammonium hydroxide was added to 3 mL of latex fractions to pH 11.0 and etherchloroform (3 + 1) was successively added (at 30, 20 and 10 mL) using a fractionator. The ether-chloroform phase was eliminated and the extracted alkaloids were filtered in 0.1 M HCl. The resulting material was divided in three parts and an equal volume of the alkaloid precipitation solutions (Hager, Mayer and Dragendorff) was added. Flocculated material indicated a positive reaction.
Infrared and
1 H-NMR Spectroscopy. Infrared analyses were performed using a Perkin Elmer spectrometer (model FT-IR Spectrum 1000). Potassium bromide (KBr) was used to prepare pastilles for the samples. Prior to 1 H-NMR spectroscopy, the samples (25 mg/mL) were dissolved in deuterated chloroform (CDCl 3 ) and methanol (CD30D).
1 H-NMR spectra were recorded using a Bruker Spectrometer (model Advance DPX 500) at 500 MHz. Trimethyl silane (TMS) was added as an internal standard.
Chemical Detection of Cyclopeptides Using
Tolidine and Ninhydrin. The fractions (10 mg/mL) were dissolved in methanol and applied to a thin layer chromatography (TLC) plate with silica gel 60 F254 (Merck). The peptide-containing fractions were detected with a Cl 2 /o-tolidine reagent, which indicates amide groups that are typically found in peptide bonds [13] . The ninhydrin reagent was used to indicate amino groups released by HCl hydrolysis in accordance with the methodology described by Tan and Zhou [14] . ∘ C and 70 (±5)% humidity until they were used for experiments. The animals were handled and experiments were performed in accordance with the standards described in the "Guide for the Care and Use of Laboratory Animals" of the National Research Council and submitted for approval by the local animal ethics committee (protocol number 24/09). 
Positive (+) sign indicates positive reaction of the compound tested while negative sign (−) indicates the absence.
MTT Assay.
The latex fraction cytotoxicities were evaluated for four human tumor cell lines: HL-60 (human leukemia), Ovcar-8 (human ovarian adenocarcinoma), HCT-116 (human colon cancer), and SF-295 (human glioblastoma). The cultured cell viabilities were determined by reducing the yellow dye 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) to a blue formazan product, as previously described by Mosmann [15] . The cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 U/mL penicillin and 100 g/mL streptomycin and maintained at 37 ∘ C in 5% CO 2 . For the assay, cells were plated in 96-well plates (0.1 × 10 6 cells/mL for adherent cells and 0.3 × 10 6 cells/mL for suspended cells) and incubated to facilitate cell adhesion. Twenty-four hours later, fractions (100 L) were added to each well (0.39-25 g/mL). The mixtures were incubated for 72 hours, and thus the supernatant was replaced by fresh media with 10% MTT. The formazan product formed was dissolved in DMSO and the absorbance was measured at 595 nm (DTX-880, Beckman Coulter). Doxorubicin (0.009-5 g/mL) was used as a positive control.
Brine Shrimp Lethality
Assay. Latex fraction toxicity was further evaluated for an aquatic nontarget species (Artemia sp.) following the methodology described by Carvalho et al. [16] . Groups of ten Artemia sp. nauplii (24 hours old) received different concentrations (10-1,000 g⋅mL −1 ) of the extracts (100 L) in triplicate. After 24 hours, the number of living animals was recorded. A standard potassium dichromate solution (LD 50 = 20 g⋅mL −1 ) was used as a positive control.
Anti-Inflammatory Assay.
The fractions were dissolved in 5% DMSO and the insoluble materials were removed through centrifugation (10 min; 10 ∘ C; and 10,000 g). Clean samples were intravenously injected into rats ( = 6, per group) at different doses (1.0; 5.0 or 10.0 mg/kg; and 0.2 mL) 30 minutes before the carrageenan stimulus (700 g/cavity and i.p.). The control animals received sterile saline. Four hours later, animals were sacrificed through Halothane inhalation, and the peritoneal cavities were washed with 10 mL of sterile saline with 5 UI/mL of heparin. The fluids were recovered for a total and differential cell count using light microscopy in accordance with Souza and Ferreira [17] .
Hemolytic Activity.
Human erythrocytes (50 mL) were obtained from the Centre of Hematology and Hemotherapy of the State of Ceará (Ceará, Brazil). After three wash cycles in 150 mM NaCl, erythrocytes were suspended in a washing solution at 4%.
The latex fractions were dissolved in 5% DMSO at a final concentration of 4 mg/mL. A 100 L aliquot of each fraction was added to 100 L of PBS, and serial dilution was used to determine the final concentration range from 1 to 0.07 mg/mL. Finally, 100 L of erythrocytes (4%) were incubated in MicroAmp 96-well plates for 30 min at 37 ∘ C. The plate was then centrifuged (700 g for 10 min at 4 ∘ C) to remove the lysed cells. Hemoglobin content was determined using the supernatant through spectrophotometry at 540 nm and correlated with the erythrocyte lysate. The cells' maximum lysate values (100%) were determined by incubating an erythrocyte suspension with 0.1% (v/v) of Triton X-100. The experiments were performed in triplicate. The percentage of hemolysis (H) was calculated using the following equation: H = 100 × [(Op − Ob)/(Ot − Ob)], where Op is the density for a given fraction concentration, Ob is the PBS buffer density, and Ot is the triton X-100 positive control density.
Statistical Analyses.
All results are expressed as the mean ± S.E.M. The data were analyzed by one-way ANOVA for multiple comparisons, followed by Bonferroni's test in antiinflammatory assays.
< 0.05 was considered statistically significant in all analyses.
Results and Discussion
Phytochemical Profile.
Latex from C. procera has been described as an important source of secondary metabolites [10] . In this study, the latex was fractionated and qualitatively evaluated. Phenols, tannins, saponins, and alkaloids were not detected through phytochemical screening. Nevertheless, compounds in these groups were reported for nonlatex organs and tissues in C. procera [1, 11, 18, 19] . However, compounds with such chemical characteristics were reported in latex for Euphorbiaceae, Convolvulaceae, Anacardiaceae, and Papaveraceae plants [20] . Therefore, C. procera (Apocynaceae) latex is chemically distinct. Steroids, flavonoids, and triterpens were detected in at least two distinct latex fractions (Table 1) . Such a profile was previously reported for C. procera latex and other fractions [10, 21] . Triterpens 4 The Scientific World Journal (isoprene derivatives) are the most abundant and common molecules in natural rubbers [22] . Further analyses on the chemical diversity of latex fraction were performed using FT-IR and 1 H-NMR spectroscopic techniques (Figure 1) . The most hydrophobic fractions, hexane and dichloromethane, produced different FT-IR spectra which in turn were distinct from the ethyl acetate, butanol, and aqueous fractions, which produced almost identical spectra.
Hydroxyl groups (OH) with peaks at ∼3400 cm −1 were in all of the fractions. The infrared spectra for hexane and dichloromethane presented peaks at 2961-2854 cm −1 , which confirmed C-H stretching in methyl or methylene groups. The peaks at 1723 cm −1 showed C=O stretching or methyl group asymmetrical deformations/vibrations. Additional peaks at 1450 cm −1 (C-H deformation) and 1350 cm −1
(C-H deformation in CH 3 ) were also observed. These prominent peak signals were decreased in the dichloromethane fraction. Poly-isoprene, which is the precursor for rubber polymers, was detected in abundance for the hydrocarbon fractions as first described by Kalita and Saikia [22] . According to the hexane and dichloromethane IR spectra (Figure 1 ), C. procera (poly) isoprene is likely common to both hydrophobic fractions. This is consistent with the data in Table 1 .
The ethyl acetate, butanol, and aqueous infrared fraction peaks were detected at ∼1645 cm −1 . Thus, they were assigned to the double bond (C=C) and 1100-1080 cm −1 for C-O stretching. The infrared spectrum for the aqueous fraction produced signals at 1093 cm −1 (C-O stretching). This peak was stronger than in both the ethyl acetate and butanol fractions, which is expected given the higher polarity of the sample. These data are also supported by the data in Table 1 , which is suggestive of steroids.
1 H-NMR spectra in the high field region showed remarkably high proton levels (hexane and dichloromethane) assigned to aliphatic chain CH 3 and CH 2 groups. Residual protons that were similar were also observed in the ethyl acetate, butanol and aqueous spectra (Figure 1) .
1 H-NMR spectra for the dichloromethane fraction showed peaks at the middle-field region assigned to olefinic-like protons commonly observed in natural rubbers [22] . In the aqueous fraction, the peaks were primarily assigned to protons bound to oxygenated carbons. Peaks in the low-field region were observed both for hexane as well as dichloromethane and were likely aromatic molecules. The 1 H-NMR results showed that dichloromethane was the most complex fraction with hydrogen chemical shifts in the low, middle and high fields. These findings are consistent with phytochemical screening (Table 1) showing triterpens, steroids, and flavonoids in the latex, which is also supported by the literature [10] .
Toxicity
The cytotoxicity of C. procera latex fractions was investigated using the MTT assay in four tumor cell lines (HL-60, Ovcar-8, HCT-116 and SF-295). The more hydrophobic fractions (hexane, dichloromethane, and ethyl acetate) were cytotoxic to the tumor cells tested with LD 50 values that ranged from 0.05 to 6.5 g/mL ( Table 2 ). The hydrophilic fractions (butanol and aqueous) were not cytotoxic. Sawadogo et al. [23] reviewed West African plants with anticancer properties. Three anticancer cardenolides (2 -Oxovoruscharin, uscharin and voruscarin) isolated from C. procera were reported as highly antiproliferative to different cancer cell lines (Hs683, U373, HCT-15, LoVo and A549); the latter two are in latex [10] . C. procera methanolic extract is cytotoxic to cancer cell lines and exhibits chemopreventive activity in vitro and in vivo in hepatocellular carcinoma [4] . More recently, studies by Juncker et al. [24] showed potential for UB450, which is a hemisynthetic cardenolide, to repress cancer cell proliferation and induce cell death. Finally, Magalhães et al. [25] showed that ethyl acetate, acetone, and methanol stem extract from C. procera are promising due to in vitro antiproliferative activity on cancer cell lines. It should also be noted that selective cytotoxicity and in vivo anticancer properties have been reported in the latex protein fractions [26, 27] . The five fractions tested were not hemolytic for human erythrocytes at concentrations up to 1 mg/mL.
C. procera latex fraction toxicity was further examined using the brine shrimp lethality bioassay. As shown in Table 2 , the LD 50 values determined for dichloromethane and ethyl acetate suggested that these fractions were cytotoxic. These data are supported by in vivo studies that correlated bioactive plants constituents and toxicity [28] . Certain consistent reports in the literature also show that plant extracts with LD 50 values lower than 250 g/mL are significantly toxic [29, 30] . The dichloromethane LD 50 value was lower than cyclophosphamide (LD 50 16.3 g/mL), which was used as positive control in the study by Moshi et al. [31] . The LD 50 values determined for the other fractions were higher and suggested no acute toxicity for such fractions.
Folk Use and Anti-Inflammation
Anti-inflammatory activity is among different uses for C. procera in folk medicine. In fact, numerous scientific reports have confirmed and extensively characterized its anti-inflammatory activity in different models [3, 32] . Dichloromethane, ethyl acetate, and aqueous fractions inhibited carrageenan-induced neutrophil migration in rats at the ratios 67%, 56%, and 72%, respectively ( Table 3 ). Both the hexane and butanol fractions did not inhibit neutrophil migration. Kumar and colleagues have extensively demonstrated and characterized anti-inflammatory activity in aqueous and alcoholic C. procera latex extracts [33, 34] . Seddek et al. [35] studied water-soluble C. procera latex extract and demonstrated that it enhances iNOS gene expression as well as NO production in murine macrophages, which facilitate inflammatory and immune response effector cell activation. More recently, Tour and Talele [36] reported that both the chloroform and hydroalcoholic extracts from C. procera stem bark at 200 and 400 mg/kg exhibited antiinflammatory activity, respectively. In addition, chloroform extract at 400 mg/kg exhibited a significant gastromucosal protective effect.
Cyclopeptides in Latex
Ethyl acetate, butanol, and aqueous fractions reacted positively with the Cl 2 /o-tolidine reagent (Figure 2) , which indicates amide groups that are typically in peptide bonds according to Van Den Berg et al. [37] .
Plants in different angiosperm families are notorious for accumulating peptides, primarily cyclic peptides (Annonaceae, Caryophyllaceae, Euphorbiaceae, Rubiaceae, and Violaceae) [38, 39] . Likewise, peptides/cyclopeptides have been described for laticiferous plants in the Jatropha genus, for which many isolated peptides were characterized (Integerrimides, curcacyclines, jatrophidin, pohlianin, podacycline, cyclogossines, chevalierins, and mahafacyclin) [40] . The cyclic peptide purified from the Stephanotis floribunda stem is the only report for such molecules in Asclepiadaceae members [41] . Thus, we examined the most promising ethyl acetate fraction for cyclopeptides.
Many reports in the literature have shown that cyclopeptides from laticiferous plants have been isolated from the ethyl acetate fraction [40, 42, 43] . Thus, considering that this C. procera fraction was cytotoxic and anti-inflammatory and reacted positively for amide groups, it was reexamined using ninhydrin. Ninhydrin reacts with free amino groups (typically in proteins). As shown in Figure 2 , ninhydrin reacted positively with papain (protein) and glycine (free amino acid), which were the positive controls, and did not react with the ethyl acetate fraction, which suggests no free/accessible amino groups in the latter sample. However, after chemical hydrolysis by 6 M HCl, the ethyl acetate fraction reacted positively with ninhydrin, which suggests free amino groups. Therefore, it was concluded that cyclopeptides are in this latex fraction.
Cyclopeptides with cytotoxicity and anticancer properties were reported in the roots and other tissues for different plants [44] [45] [46] [47] . The study by Mongkolvisut et al. [48] is the only manuscript that has reported latex cyclopeptides 8
The Scientific World Journal (Integerrimides A and B) with a proliferative effect on human IPC-298 melanoma cells and a migration effect on human Capan II pancreatic carcinoma cells. More recently, studies have reported three new cyclopeptides that exhibited antiinflammatory activity in vitro using the J774.1 macrophage model [49] . These results imply that cyclopeptides from C. procera latex are involved in the ethyl acetate fraction pharmacological properties. Cyclopeptide detection is especially relevant because, until now, attempts to investigate these low molecular cyclic amino acid sequences in C. procera have failed. Purification and structural analyses for such molecules are currently the greatest challenge in the field.
Conclusions
The work herein shows that the C. procera latex dichloromethane and ethyl acetate fractions exhibit potential toxicity both in vitro and in vivo as well as anti-inflammatory properties. C. procera latex cyclopeptides will be the next materials used in the investigations for compounds involved in the latex pharmacological properties.
Abbreviations
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